0.031 for 4482 observations [I > 30"(/) ]. In (2), the [Fe{(CsHa)CH2-N(CH3)3}2] 2÷ cation (which has approximate twofold symmetry) and one of the anions reside in general positions. Another iodide resides on a twofold axis, while a third iodide lies on an inversion centre. A more extensive three-dimensional network of C--H---I-interactions is present in (2) than in (1) and
Introduction
The current interest in structural ferrocene chemistry focuses on a wide variety of derivatives which may have potential applications in (a) charge-transfer chemistry (Moore et al., 1993) (b) supramolecular chemistry (Beer et al., 1991) , (c) non-linear optical materials science (Houlton et al., 1993) , (d) ceramics (Tang et al. 1993) and (e) molecular inclusion and recognition chemistry (Ferguson, Gallagher, Glidewell & Zakaria, 1993a,b) .
Hydrogen bonds often provide the strongest intermolecular forces between molecules in organic molecular crystals and hence often dictate thc preferred packing arrangement. The general principles underlying hydrogen-bond formation are reasonably well understood and the structures of hydrogen-bonded crystals can often be rationalized in terms of preferred combinations of hydrogen-bond donors and acceptors (Etter, 1990; Etter, McDonald & Bernstein, 1990; Etter & Reutzel, 1991) .
We are currently studying the molecular structures, hydrogen-bonding and molecular-interaction patterns in the crystal lattices of a variety of ferrocene derivatives of the type Fe[(CsHs)(CsH4)]CR'R"OH or Fe[(CsH4)CR'R"OH]2, by changing the substituents at the central C atom. We have noted that the extent and nature of the hydrogen bonding is clearly not a simple function solely of the steric demands about the central C atom (Ferguson, Gallagher, Glidewell & Zakaria, 1993a) . It is anticipated that with the appropriate molecular design within this electroactive ferrocene series, these complexes will have potential application as non-linear optical materials and in molecular inclusion and recognition chemistry.
The salt (ferrocenylmethyl)trimethylammonium iodide, [(CsHs)FeCsH4CH2N(CH3)3][I] (1), is a valuable synthetic intermediate in ferrocene chemistry as its cation reacts rapidly and efficiently with a wide range of nucleophilic reagents, with displacement of trimethylamine. By contrast, the corresponding 1,1'-disubstituted derivative hexa-N-methylferrocene-1, l'-diylbis(methylammonium iodide), [Fe{C5H4-CH2N-(CH3)312].21I] (2), reacts more slowly by several orders of magnitude in similar reactions, despite the dipositive charge on the cation. Therefore, we have determined the structures of (1) and (2) in order to assess whether there are any structural or conformational features contributing to the deceleration of substitution reactions in (2). The structure of (1) is also of interest as this compound was the first organometallic structure to be solved ab initio from X-ray powder data collected using a conventional laboratory powder diffractometer (Lightfoot, Glidewell & Bruce, 1992) , before single crystals were available. The highly accurate structure refinement using singlecrystal data reported here for (1) allows comparison with the previous Rietveld refinement, which required the application of soft constraints to most of the interatomic distances in the cation for successful refinement.
Experimental

Synthesis
Samples of compounds (1) and (2) were prepared from ferrocene by aminomethylation and subsequent methylation (Pauson, Sandhu & Watts, 1966) . Single crystals were grown by slow evaporation of solutions in dichloromethane (for 1) or nitromethane (for 2).
Data collection and cell refinement
Enraf-Nonius CAD-4 software was used. The data reduction program used to solve and refine the structure and the software used to prepare the material for publication was NRCVAX (Gabe, Le Page, Charland, Lee & White, 1989) . Details of cell data, data collection and refinement are concisely summarized in Table 1 . The space group for (1) was determined unambiguously from the systematic absences (hOl absent if l ---2n + 1, 0k0 absent if k = 2n + 1) as P2~/c. The systematic absences for (2) (hkl absent if h + k = 2n + 1, hOl absent if l ---2n + 1) allow the space group to be either C2/c or Cc; the former was assumed and confirmed by the analysis. In both structures, the H atoms attached to the C atoms were clearly visible in difference maps at intermediate stages of refinement. All H atoms were positioned on geometric grounds with only their thermal parameters refined isotropically (C--H 0.95A) and included as riding atoms in the structure-factor calculations. There is no solvent of crystallization present in either of the lattices and an examination of the crystal structures using PLATON (Spek, 1993a) revealed no potential volume for any solvent molecules. The diagrams were prepared using ORTEPII (Johnson, 1976) and PLUTON (Spek, 1993b) . Final fractional coordinates* are given in Table  2 and principal dimensions in Table 3 .
Results and discussion
The salt (1) crystallizes in the centrosymmetric space group P21/c with the cation and iodide anion both residing in general positions in the asymmetric unit, Fig (Ferguson, Gallagher, Glidewell & Zakaria, 1993c) . This seems to indicate that there is a general trend in these unsymmetrical ferrocene derivatives for the mean Fe...Cp distance to be longer in the unsubstituted cyclopentadienyl ring system than the substituted cyclopentadienyl ring. The dihedral angle between the C5 planes is 2.7 (1) ° and they are within 4.6 (1) ° of an eclipsed conformation. The Csp (2) Compound (2) the FemCcp--Csp3--N torsion angles of 173.3 (3) and 177.9 (3) ° involving N(1A) and N(1B), respectively. The Fe--C bond lengths in (2) (6) ]k], and these values are similar to those described previously in related structures (Ferguson, Gallagher, Glidewell & Zakaria, 1993a,c) . The interplanar angle between the cyclopentadienyl planes is 1.5 (2) ° and these rings are within 0.5 (2) ° of being eclipsed. The conformation adopted is such that the exocyclic Csp 3 atoms are rotated about a line joining the ring centroids through 72.8 (2) ° from an eclipsed conformation. The Csp 3 C 1A and C 1B atoms are displaced 0.12 (1) [C14H20FeN]+.
[I] -AND [C18H30FeN212+.
[I2] -
The inter-ion packing in both (1) and (2) is of interest. In the absence of strong hydrogen-bond (e.g. O--H and N--H) donors, there are extensive C--H...I-interactions in both structures. Well documented cases of C--H...I-hydrogen bonding are relatively uncommon but where it has been reported (Ferguson, Lough, McAlees & McCrindle, 1993) , the C-.-I-distance was 3.891 (8)/~. In (1), the unique iodide anion lies in a pocket formed by seven symmetry-related cations with nine C...I-distances between 3.954 (2) and 4.237 (2) ,/k, considering all C...I-contacts < 4.3 /~. A similar situation is found for the three independent iodide anions in (2). The iodide anion which resides in a general position, 11, lies in a pocket formed by six symmetry-related cations with nine C.-.I-distances between 3.733 (4) and 4.113 (4) /~. The iodide I2, which resides on the twofold axis, is suixounded by four symmetry-related molecules with 14 (7 × 2) C..-I-interactions between 4.038 (3) and 4.268 (6)/~. The iodide I3, which resides on an inversion centre, is in contact with only two symmetryrelated molecules havin~ four (2 x 2) C...I-contacts of 3.995 (3) and 4.265 (4) A. The thermal parameters for I3 are markedly larger than those of I 1 and I2 because it is not involved in as many C--H.--I-interactions as the other two iodide anions and is held loosely in the pocket in which it resides. If this extensive ion association persists to some degree in solution, it may contribute to the marked reactivity differences observed between (1) and (2).
The structure of the (ferrocenylmethyl)trimethylammonium cation has been reported previously for the salts containing the counterions B3H8- (Fu, Pan, Lu, Zhang & Zhu, 1982) and Bt0H102- ; both cations have the same fully eclipsed conformation found here for (1). The closely related (ferrocenylmethyl)dimethylammonium cation has been structurally characterized both as the tetrachlorozincate (Gibbons & Trotter, 1971 ) and as the BI2H122-salt (Zhang et al., 1983) , while the (ferrocenylmethyl)ethyldimethylammonium cation has been studied as its B20H182-salt (Siriwardane, Chu, Hosmane, Zhu & Zhang, 1989) . In addition, the structure of N-(ferrocenylmethyl)pyridinium iodide has been analysed (Brown & Hall, 1977) .
The structure of (1) derived earlier from X-ray powder data (Lightfoot, Glidewell & Bruce, 1992) , although of much lower precision than the structure for (1) reported here, is acceptably accurate in most respects, except for the geometry about the N atom. The structure of the rigid ferrocene is well determined, apart from the more flexible side chain. The powder data gave C--CH2 and CH2--N distances of 1.53 (5) and 1.44 (2)/~, respectively, which are reversed from the values of 1.488 (3) and 1.521 (2)/k reported here. More
